Data cannot be shared publicly because of third-party data. Data are available from Statistics Sweden (contact via <information@scb.se>), the Swedish National Board of Health and Welfare (contact via <registerservice@socialstyrelsen.se>), and the Swedish Childhood Obesity treatment Register (contact via <http://www.e-boris.se/kontaktuppgifter/>), for researchers who meet the criteria for access to confidential data given by the Ethics Committee (contact via <registrator@etikprovning.se>).

Introduction {#sec007}
============

Obesity in childhood is a global public health concern and one of the largest challenges of the 21st century. The prevalence of obesity among children and adolescents has increased around the world \[[@pmed.1003078.ref001]\], and it has been estimated that 91 million children will have obesity in 2025 \[[@pmed.1003078.ref002]\]. Obesity in childhood is associated with somatic morbidity such as insulin resistance, liver disease, and hypertension \[[@pmed.1003078.ref003]--[@pmed.1003078.ref006]\]. Further, children with obesity may also experience emotional and psychological problems \[[@pmed.1003078.ref007]--[@pmed.1003078.ref009]\] and are often exposed to bullying by their peers \[[@pmed.1003078.ref010],[@pmed.1003078.ref011]\]. Moreover, obesity in childhood and adolescence often persists into adulthood \[[@pmed.1003078.ref008],[@pmed.1003078.ref012],[@pmed.1003078.ref013]\], with high rates of comorbidity \[[@pmed.1003078.ref014]\] and social exclusion \[[@pmed.1003078.ref015]--[@pmed.1003078.ref017]\]. Overweight and obesity under 18 years of age has also been linked to an increased risk of premature mortality from middle adulthood onward \[[@pmed.1003078.ref018]\]. A limited number of studies, conducted before the obesity epidemic, with baseline data collected during the period 1940--1975, have investigated the association between measured BMI in adolescence and risk of mortality in young adulthood \[[@pmed.1003078.ref012],[@pmed.1003078.ref019]--[@pmed.1003078.ref022]\]. While 1 study found a correlation between adolescent BMI and mortality risk before the age of 30 years \[[@pmed.1003078.ref019]\], 2 of the studies did not find such an association \[[@pmed.1003078.ref020],[@pmed.1003078.ref022]\]. High BMI in young adulthood has been associated with a higher risk of premature death later in life, largely driven by cardiovascular disease and other noncancer diseases \[[@pmed.1003078.ref023]--[@pmed.1003078.ref025]\]. To our knowledge, there are no current studies on risk of mortality in young adulthood in relation to measured height and weight in childhood. Therefore, the aim was to examine whether individuals who had obesity in childhood have an increased risk of mortality in young adulthood, compared with a population-based comparison group.

Methods {#sec008}
=======

Individuals {#sec009}
-----------

Individuals were included if they were enrolled in the Swedish Childhood Obesity Treatment Register (BORIS) at age 3--17.9 years, and alive and living in Sweden on their 18th birthday (start of follow-up, *n =*7,049). No exclusion criteria were applied. BORIS was initiated in 2005 and is a prospective register of children and adolescents in obesity treatment \[[@pmed.1003078.ref026]\]. A description of BORIS can be found elsewhere \[[@pmed.1003078.ref026]\], but, in short, data are entered into the register by clinicians at the healthcare units treating obesity. The aim of the register is to support all aspects of decision-making around childhood obesity such as evaluation of different treatment regimens and administrative actions, and thereby advance the quality and cost-effectiveness of obesity treatment. BORIS is integrated in the clinical workflows and generates data in real time.

Using a personal identification number unique to each resident in Sweden, a comparison group from the Total Population Register was historically (year of entrance in BORIS) matched with a ratio of 1:5 by sex, year of birth, and area of residence (*n =* 34,310). Individuals in BORIS were not eligible for inclusion in the comparison group. Density matching without replacement was used in the matching procedure (the RANUNI procedure in SAS was used to randomly select individuals to the comparison group). Among individuals in the comparison group, 1.3% had a diagnosis of obesity before 18 years of age from inpatient or outpatient care. All medical data in the present study were collected within the healthcare system; hence, no self-reported data are present.

The main exposure was obesity in childhood, defined using the International Obesity Task Force sex- and age-adjusted cutoffs for body mass index standard deviation score (BMI SDS) \[[@pmed.1003078.ref027]\]. However, BMI SDS should be considered as a rough measurement since it does not correspond to the same fat percentage in different individuals.

Data sources and register linkage {#sec010}
---------------------------------

Information on date of death and primary cause and contributing causes of death was retrieved from the Cause of Death Register. The register has had complete coverage since 1997 and includes deaths that have occurred abroad. The completeness and quality of the register has been described elsewhere, and it has been concluded that the register is of high quality with largely complete national coverage \[[@pmed.1003078.ref028]\]. Information on weight, height, and age at initiation of pediatric obesity treatment was retrieved from BORIS \[[@pmed.1003078.ref026],[@pmed.1003078.ref029]\]. Information on parental education, occupation, and income was collected from the Longitudinal Integration Database for Health Insurance and Labour Market Studies. Information on country of birth and emigration was retrieved from the Swedish Total Population Register \[[@pmed.1003078.ref030]\].

In order to be able to exclude individuals in sensitivity analyses, those with a diagnosis of a genetic syndrome and/or malignant tumor (including malignant and benign brain tumors) were identified in the National Patient Register using the International Classification of Diseases \[[@pmed.1003078.ref031]\]. Genetic syndromes included fragile X, Klinefelter, Laurence--Moon--Bardet--Biedl, Down, Noonan, Prader--Willi, Silver--Russell, and Turner.

The National Board of Health and Welfare (<https://www.socialstyrelsen.se/en>) and Statistics Sweden (<https://www.scb.se/en>), both governmental agencies, are responsible for all the national registries mentioned above, except for BORIS. The study was approved by the regional ethics committee in Stockholm, Sweden (No. 2016/922-31/1).

This study is part of a larger epidemiological analysis using data from several national population-based registers. Before starting the analyses, a specific study plan was outlined stating which analyses would be performed. No specific data-driven changes were made; existing evidence was used for the study, i.e., data from national registers, and existing cutoffs and thresholds, e.g., for BMI SDS, were applied.

All-cause mortality and cause-specific mortality {#sec011}
------------------------------------------------

Mortality was assessed using all-cause mortality and cause-specific mortality. Follow-up began at 18 years of age and ended at the date of death, date of emigration, or end of follow-up (December 31, 2017), whichever came first. Mortality was defined as any death that occurred within the specified time period. Cause-specific mortality was categorized into 3 groups: endogenous causes, suicide and self-harm, and injuries and other external causes. Endogenous causes included death from pathogens, acquired disorders, congenital disorders, etc. Suicide and self-harm included intentional death from suicide as well as death with unintentional or unclear intention from poisoning, e.g., illicit drugs. Injuries and other external causes included deaths such as traffic accidents and homicide.

Parental socioeconomic status and covariates {#sec012}
--------------------------------------------

Parental socioeconomic status (SES) was estimated based on parental education, occupation, and income, assessed the year the child turned 16 years of age. Using the International Standard Classification of Education, education was categorized as elementary, high school, or university (score 0--2). Occupation was categorized as no occupation (score 0) or occupation (score 1). Annual disposable income was divided into quartiles based on the income of parents in the comparison group (score 0--3). The annual disposable income was converted using the Swedish Consumer Price Index to 2015 prices. The mean maternal and paternal SES score was calculated and divided into 4 categories: low SES (0--1.5 points), medium-low SES (2--3 points), medium-high SES (3.5--4.5 points), and high SES (5--6 points). If an individual was adopted, data on adoptive parents was used (childhood obesity cohort, *n =* 94; comparison group, *n =* 609).

Covariates included were sex, Nordic origin, and age and BMI SDS at start of obesity treatment. Nordic origin was defined as Nordic (the individual and at least 1 parent being born in a Nordic country \[Sweden, Finland, Norway, Denmark, or Iceland\]) or non-Nordic (the individual born outside the Nordic countries, or born in a Nordic country but with neither parent born in a Nordic country).

Statistical analyses {#sec013}
--------------------

Descriptive statistics are presented as frequency and percentage, mean and standard deviation (SD), or median and interquartile range (IQR). Power analyses were performed using the score test for Cox proportional hazards regression. To examine if the risk of all-cause mortality differed between groups, crude and adjusted Cox proportional hazards models were used to calculate mortality rate ratios (MRRs) and 95% confidence intervals (CIs). Adjusted models were controlled according to group (childhood obesity cohort or comparison group), sex, Nordic origin, and parental SES. The above analyses were repeated with cause-specific mortality (deaths with unknown cause were not included; childhood obesity cohort, *n =* 1; comparison group, *n =* 3). Kaplan--Meier analysis was used to investigate whether there was a difference in crude probability of survival between the groups. As post hoc analyses, sensitivity analyses were performed excluding individuals with genetic syndromes and malignant tumors in childhood. Also, degree of obesity (BMI SDS) was evaluated in the childhood obesity cohort. As parental SES was missing for only a limited number of individuals (childhood obesity cohort, 0.4% \[*n =* 28\]; comparison group, 0.9% \[*n =* 308\]), complete case analyses were done.

In analyses that included only individuals in the childhood obesity cohort, the potential impact of obesity severity (BMI SDS) and age at obesity treatment initiation was investigated. Analyses were performed with SAS version 9.4 (Cary, NC, US). A *p*-value of \<0.05 was considered statistically significant.

Results {#sec014}
=======

In total, 41,359 individuals were included. Since the groups were matched on sex and age, there was an even distribution between groups with respect to sex (46% females) and age at end of follow-up (median age 21.6 years, IQR 19.6--24.7, maximum age 38.8 years). Individuals who had been referred to obesity treatment in childhood were followed on average 9.5 (SD 4.0) years from start of treatment to end of follow-up (maximum 23.0 years). Further, they were more likely to be of non-Nordic origin and to have low parental SES, genetic syndromes, and tumors before 18 years of age than individuals from the comparison group. Sample characteristics are shown in [Table 1](#pmed.1003078.t001){ref-type="table"}, and data stratified by sex are shown in [S1 Table](#pmed.1003078.s002){ref-type="supplementary-material"}.

10.1371/journal.pmed.1003078.t001

###### Characteristics of the participants (*n* = 41,359).

![](pmed.1003078.t001){#pmed.1003078.t001g}

  Characteristic                                                            Childhood obesity cohort   Comparison group   *p*-Value
  ------------------------------------------------------------------------- -------------------------- ------------------ -----------
  Individuals                                                               7,049 (100.0)              34,310 (100.0)     
  Deaths                                                                    39 (0.55)                  65 (0.19)          \<0.001
  Person-years of follow-up                                                 32,501                     158,251            
  Nordic origin                                                             5,119 (72.6)               25,327 (73.8)      0.038
  Emigrated at ≥18 years of age                                             80 (1.1)                   594 (1.7)          \<0.001
  Genetic syndrome[^a^](#t001fn002){ref-type="table-fn"}                    65 (0.92)                  90 (0.26)          \<0.001
  Malignant tumor \<18 years of age[^b^](#t001fn003){ref-type="table-fn"}   60 (0.85)                  107 (0.31)         \<0.001
  Parental SES                                                                                                            \<0.001
    Low                                                                     1,610 (22.8)               1,610 (15.3)       
    Medium-low                                                              2,672 (37.9)               10,863 (31.7)      
    Medium-high                                                             2,066 (29.3)               11,776 (34.3)      
    High                                                                    673 (9.6)                  6,106 (17.8)       
    Missing                                                                 28 (0.4)                   308 (0.9)          

Data are *n* (%) unless otherwise indicated.

^a^Fragile X, Klinefelter, Laurence--Moon--Bardet--Biedl, Down, Noonan, Prader--Willi, Silver--Russell, and Turner.

^b^Including benign brain tumors.

SES, socioeconomic status.

All-cause mortality {#sec015}
-------------------

During a total of 190,752 person-years of follow-up, 104 deaths were recorded. The median (IQR) age at death was 22.0 (20.0--24.5) years. Thirty-nine deaths (0.55%) occurred among the 7,049 individuals included in the childhood obesity cohort, corresponding to a mortality rate of 12.0 per 10,000 person-years. Sixty-five deaths (0.19%) occurred among the 34,310 individuals included in the comparison group, corresponding to a mortality rate of 4.1 per 10,000 person-years (*p* \< 0.001). Among the deceased individuals, there was no difference between groups regarding sex (*p =* 0.37), age at death (*p =* 0.11), Nordic origin (*p =* 0.73), or parental SES (*p =* 0.84). In a reverse power calculation for the outcome all-cause mortality, the calculated power reached over 99%.

All-cause mortality was overall higher for individuals in the childhood obesity cohort compared to the comparison group ([Fig 1](#pmed.1003078.g001){ref-type="fig"}). The probability of survival decreased with age, and the difference between the groups particularly increased from 23 years of age onward ([Fig 1](#pmed.1003078.g001){ref-type="fig"}). Individuals in the childhood obesity cohort had an almost 3 times greater risk of all-cause mortality compared to individuals in the comparison group (crude MRR 2.92 \[95% CI 1.97--4.35\]; *p* \< 0.001).

![Survival curves of all-cause mortality in the childhood obesity cohort and the comparison group.](pmed.1003078.g001){#pmed.1003078.g001}

Analyzing both groups together, risk factors for all-cause mortality included male sex (crude MRR 1.74 \[95% CI 1.17--2.60\]; *p =* 0.007) and low parental SES (reference high SES, crude MRR 2.85 \[95% CI 1.26--6.47\]; *p =* 0.012), while Nordic origin was not associated with the outcome (*p =* 0.76). In analyses mutually adjusted according to group (childhood obesity cohort versus comparison group), sex, Nordic origin, and parental SES, the results were only mildly attenuated, and remained statistically significant ([Table 2](#pmed.1003078.t002){ref-type="table"}).

10.1371/journal.pmed.1003078.t002

###### Mutually adjusted mortality rate ratios (MRRs) with 95% confidence intervals (CIs) for all-cause mortality (*n =* 41,023).

![](pmed.1003078.t002){#pmed.1003078.t002g}

                                                             MRR    95% CI       *p*-Value
  ---------------------------------------------------------- ------ ------------ -----------
  Group (childhood obesity cohort versus comparison group)   2.65   1.78--3.96   \<0.001
  Sex (male versus female)                                   1.75   1.17--2.62   0.006
  Nordic origin (Nordic versus non-Nordic)                   1.18   0.74--1.88   0.50
  Parental SES                                                                   
    Low versus high                                          2.58   1.11--5.99   0.028
    Medium-low versus high                                   1.82   0.81--4.06   0.15
    Medium-high versus high                                  1.11   0.47--2.63   0.81

Adjusted for group, sex, Nordic origin, and parental socioeconomic status (SES).

In sensitivity analyses, individuals with genetic syndromes (*n =* 155) and malignant tumors (*n =* 167) in childhood were excluded (childhood obesity cohort, 1.77%; comparison group, 0.57%). Of the excluded individuals, 10 died during the follow-up period. Individuals in the childhood obesity cohort were still at significantly higher risk of premature death compared to the comparison group (adjusted sensitivity analysis MRR 2.56 \[95% CI 1.67--3.92\]; *p* \< 0.001).

Cause-specific mortality {#sec016}
------------------------

Information on cause-specific mortality was available for 97% (*n =* 38) of the deceased individuals in the childhood obesity cohort and 95% (*n =* 62) of the deceased individuals in the comparison group. Individuals who had undergone obesity treatment in childhood had an increased risk of death from suicide and self-harm and death from endogenous causes, compared to the comparison group ([Table 3](#pmed.1003078.t003){ref-type="table"}).

10.1371/journal.pmed.1003078.t003

###### Cause-specific mortality rate ratio (MMR) for the childhood obesity cohort compared to the comparison group.

![](pmed.1003078.t003){#pmed.1003078.t003g}

  Cause of death                                                                                                                                               Number of deaths   Mortality rate per 10,000 person-years   Crude MRR (95% CI); *p*-value   Adjusted MRR (95% CI); *p*-value   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------ ---------------------------------------- ------------------------------- ---------------------------------- -----------------------------
  Injuries and external causes                                                                                                                                 7                  14                                       1.10                            2.44 (0.98--6.04); 0.054           2.38 (0.96--5.94); 0.063
  Endogenous causes                                                                                                                                            15                 17                                       1.68                            4.30 (2.15--8.61); \<0.001         4.04 (2.00--8.17); \<0.001
  Suicide and self-harm                                                                                                                                        16                 31                                       2.46                            2.51 (1.38--4.60); 0.003           2.15 (1.17--3.95); 0.014
  Excluding individuals with genetic syndromes[^a^](#t003fn002){ref-type="table-fn"} and malignant tumors[^b^](#t003fn003){ref-type="table-fn"} in childhood                                                                                                                                  
  Injuries and external causes                                                                                                                                 7                  14                                       1.33                            2.49 (1.01--6.17); 0.049           2.43 (0.97--6.06); 0.057
  Endogenous causes                                                                                                                                            11                 12                                       1.46                            4.56 (2.01--10.33); \<0.001        4.50 (2.00--10.32); \<0.001
  Suicide and self-harm                                                                                                                                        15                 31                                       2.92                            2.40 (1.30--4.45); 0.005           2.03 (1.09--3.78); 0.026

Crude and adjusted models yielded MRRs for childhood obesity cohort versus comparison group; adjusted model controlled for sex, Nordic origin, and parental SES. Endogenous causes of death included deaths from pathogens, acquired disorders, congenital disorders, etc. Suicide and self-harm included intentional deaths from suicide as well as deaths with unintentional or unclear intention from poisoning, e.g., illicit drugs. Injuries and other external causes included deaths such as traffic accidents and homicide.

^a^Fragile X, Klinefelter, Laurence--Moon--Bardet--Biedl, Down, Noonan, Prader--Willi, Silver--Russell, and Turner.

^b^Including benign brain tumors.

Suicide and self-harm were the most common cause of death in both groups ([Table 3](#pmed.1003078.t003){ref-type="table"}) and primarily included death from poisoning, followed by suicide by hanging or jumping. Death due to endogenous causes showed the most pronounced difference in the childhood obesity cohort compared to the comparison group, with an MRR of 4.30 ([Table 3](#pmed.1003078.t003){ref-type="table"}). Overall, cancer was the most common endogenous cause of death, followed by infection. Among individuals in the childhood obesity cohort, 26% had obesity (ICD-10 code E66) as either primary or contributing cause of death, whereas in the comparison group, none had obesity as a cause of death. There was no statistically significant difference between individuals with and without obesity in risk of death from injuries and other external causes (MRR 2.38 \[95% CI 0.96--5.94\]; *p =* 0.063). However, the pattern was similar to that of endogenous causes and suicide and self-harm, with increased risk of injury or external cause of death in the childhood obesity cohort ([Table 3](#pmed.1003078.t003){ref-type="table"}). Transportation accidents, followed by homicide, were the most common causes of deaths from injuries and other external causes. A detailed list of primary causes of death is presented in [S2 Table](#pmed.1003078.s003){ref-type="supplementary-material"}, where it can be observed, for example, that the proportion of individuals dying from cancer in the childhood obesity cohort was not greater than that in the comparison group.

The results remained in sensitivity analyses where individuals with genetic syndromes and malignant tumors in childhood were excluded ([Table 3](#pmed.1003078.t003){ref-type="table"}).

Pediatric-obesity-related factors and all-cause mortality {#sec017}
---------------------------------------------------------

Mean (SD) age at start of obesity treatment was 14.0 (2.3) years among the deceased individuals and 13.1 years (2.7) among the non-deceased individuals (*p =* 0.02). BMI SDS at start of obesity treatment was 3.3 (0.5) and 2.9 (0.5) BMI SDS units among the deceased and non-deceased individuals, respectively (*p* \< 0.001). In analyses adjusted for age at start of obesity treatment, Nordic origin, sex, and parental SES, the severity of obesity at the start of treatment was associated with premature death (MRR per 0.5-unit increase in BMI SDS 1.79 \[95% CI 1.29--2.48\]; *p =* 0.001). Age at start of obesity treatment did not influence the outcome (crude MRR 1.00 \[95% CI 0.88--1.14\]; *p =* 0.97). At the last registered clinical visit, 81% of the individuals in the childhood obesity cohort still had obesity.

Discussion {#sec018}
==========

It is known that obesity increases the risk of premature death from middle age onward, but whether obesity in childhood increases the risk of premature death in young adulthood has, to our knowledge, not previously been studied. We followed children and adolescents identified in a pediatric obesity treatment register and a population-based comparison group into young adulthood to investigate risk of premature mortality. This study found that individuals who had obesity in childhood had a 3 times higher risk of all-cause mortality in early adulthood compared with a population-based comparison group. The result was only slightly attenuated after adjusting for sex, Nordic origin, and parental SES.

Suicide and self-harm were the most common cause of death in both groups. The largest difference in cause-specific death between the groups was for endogenous causes, where the MRR was 4 times higher in the childhood obesity cohort compared to the comparison group. Furthermore, 1 in 4 deaths among individuals who had obesity in childhood had obesity recorded as a primary or contributing cause of death.

Comparisons to previous studies {#sec019}
-------------------------------

In the present study the mortality rate in the childhood obesity cohort was 12.0 per 10,000 person-years, while the expected mortality rate (from the comparison group) was 4.1 deaths per 10,000 person-years. Previous estimated risks of premature death in young adulthood are based on data collected roughly 50--70 years ago \[[@pmed.1003078.ref012],[@pmed.1003078.ref019]--[@pmed.1003078.ref022]\], before the obesity epidemic, and used different cutoffs for obesity \[[@pmed.1003078.ref019],[@pmed.1003078.ref020]\] than the currently recommended one (≥30 kg/m^2^) \[[@pmed.1003078.ref032]\]. It is unclear to what extent the population with obesity more than half a century ago is representative of the population of children with obesity today. Further, during these previous study periods, obesity was uncommon, and only a small percentage of the individuals had obesity in adolescence \[[@pmed.1003078.ref020]--[@pmed.1003078.ref022]\]. This makes comparisons between studies problematic.

In the current study, being of non-Nordic origin did not predict risk of all-cause mortality in early adulthood. In contrast, a US-based study, unadjusted for BMI and tracking deaths over a period of 15 years, showed associations between mortality and different ethnic groups, demonstrating a higher mortality risk among ethnic minorities \[[@pmed.1003078.ref033]\]. We can only speculate about reasons for these conflicting findings, but they might include different definitions of ethnicity and differences in healthcare systems between countries. Furthermore, we found that males had an increased risk of all-cause mortality compared to females, which is consistent with previous research examining 20- to 30-year-old adults with obesity \[[@pmed.1003078.ref023]\].

SES affects health throughout life \[[@pmed.1003078.ref034],[@pmed.1003078.ref035]\]. Family conditions, such as parental working status and education, that determine SES in early life are associated with mortality risk in adulthood \[[@pmed.1003078.ref036],[@pmed.1003078.ref037]\], and may also influence long-term morbidity \[[@pmed.1003078.ref035],[@pmed.1003078.ref038]\]. Whether these risks are irrespective of individuals' own SES in adulthood is inconclusive \[[@pmed.1003078.ref036],[@pmed.1003078.ref037]\]. In the current study, low parental SES, compared to high, was associated with risk of all-cause mortality in young adulthood almost to the same extent as pediatric obesity. As pediatric obesity is more common in families with limited socioeconomic resources, as also seen in the present study, one may keep in mind that children with obesity may be burdened by several risk factors.

The present study found differences in cause-specific mortality between the groups. The risk of death from endogenous causes was especially increased in the childhood obesity cohort. Previous studies have shown a correlation between adolescent BMI and risk of premature death in middle age from cardiovascular disease \[[@pmed.1003078.ref024],[@pmed.1003078.ref039]\], ischemic heart disease, and endocrine, nutritional, and metabolic diseases \[[@pmed.1003078.ref021]\]. Several forms of cancer have also been associated with obesity in adults \[[@pmed.1003078.ref040]\]. However, in our study we did not see a significant influence of cancer during follow-up on observed mortality in the childhood obesity cohort compared with the comparison group, perhaps due to the young age within the study sample. We also identified an increased risk of death from suicide and self-harm for individuals with obesity in childhood compared to the comparison group. This is in line with some \[[@pmed.1003078.ref039]\], but not all \[[@pmed.1003078.ref021]\], previous studies.

Children and adolescents with obesity and premature death {#sec020}
---------------------------------------------------------

The severity of obesity at the start of obesity treatment was a risk factor for premature death. This has, to our knowledge, not been demonstrated previously. However, in a study including almost 5,000 individuals (Native Americans born 1945--1984, aged 5 to \<20 years, almost 30% with obesity), those in the highest quartile of BMI, compared to the lowest, had a significantly greater risk of death from endogenous, but not external, causes \[[@pmed.1003078.ref041]\].

The association between obesity and risk of premature mortality could be explained by several mediating factors of both somatic and non-somatic origin. Obesity in childhood has been linked to systemic low-grade inflammation \[[@pmed.1003078.ref042]\], non-alcoholic fatty liver disease \[[@pmed.1003078.ref043]\], insulin resistance \[[@pmed.1003078.ref043]\], and impaired cardiovascular health, including thicker intima media thickness \[[@pmed.1003078.ref044]\], elevated blood pressure \[[@pmed.1003078.ref043]\], and impaired microvascular function \[[@pmed.1003078.ref045]\]. Further, overweight and obesity have been associated with depression \[[@pmed.1003078.ref007],[@pmed.1003078.ref009]\], discrimination, and bullying \[[@pmed.1003078.ref011]\]. The design of the present study does not allow conclusions on causality to be drawn regarding obesity in childhood and mortality in young adulthood. However, both somatic and psychological factors may play a role in the increased risk of mortality observed in individuals with obesity. Although it is known that successful obesity treatment in childhood, based on behavioral lifestyle modification including diet and physical activity, reduces risk factors that may influence risk of mortality \[[@pmed.1003078.ref004],[@pmed.1003078.ref017],[@pmed.1003078.ref046]\], studies investigating effective obesity treatments in children and their impact on mortality risk itself are lacking. Due to the relatively limited number of deaths occurring in early adulthood, we were not able to examine the effect of obesity treatment response on risk of mortality. However, it is well-established that weight loss has positive long-term health benefits \[[@pmed.1003078.ref004],[@pmed.1003078.ref017],[@pmed.1003078.ref046]\], and has in adults been shown to reduce the risk of premature mortality \[[@pmed.1003078.ref025]\]. Future research should investigate whether successful obesity treatment can lead to a reduction in the risk of early mortality.

Limitations {#sec021}
-----------

Despite the many relationships between obesity and severe morbidities \[[@pmed.1003078.ref047]\], it has been questioned whether it is possible to study associations between BMI and mortality under the age of 30 years because of the very low mortality rate \[[@pmed.1003078.ref022]\]. A reverse power analysis showed that our study had a large enough study sample for the actual number of events. It has also been argued that a long follow-up time is necessary to investigate deaths due to illness influenced by BMI \[[@pmed.1003078.ref022]\]. However, even as early as childhood and adolescence, obesity has been linked to several obesity-related risk factors, as previously discussed. In the current study, 40% of all deaths were due to endogenous causes, and of all deaths with cause recorded, a quarter were related to obesity. Still, a larger population, longer follow-up, and medical data in adulthood would allow more complex statistics, including stratification by sex, evaluation of whether the association is different across ages, and evaluation of whether obesity treatment outcome affects the outcome.

Another limitation of the present study may be that we did not apply any exclusion criteria, e.g., genetic syndromes. The prevalence of such conditions among the pediatric obesity population may proportionally have become lower over the years due to the obesity epidemic, but individuals with such conditions are still an important part of the patient group. However, we did perform sensitivity analyses where individuals with conditions potentially associated with premature mortality were excluded.

Weight and height were measured for all individuals in the childhood obesity cohort; however, these data were not available in the comparison group. Obesity in adolescence often persists into adulthood \[[@pmed.1003078.ref012]\]. Over 80% of individuals with obesity at their first clinical visit in the present study still had obesity at their last available clinical visit. Thus, although we lack follow-up measures of weight and height in young adulthood, it is reasonable to assume that the majority still had obesity at the end of follow-up.

Further, it is possible that the relationship between obesity in childhood and mortality risk in early adulthood is confounded by unmeasured factors, e.g., risk behaviors such as smoking and alcohol consumption. However, studies have shown that adjusting for smoking status does not modify the mortality risks in individuals with obesity \[[@pmed.1003078.ref012],[@pmed.1003078.ref048],[@pmed.1003078.ref049]\].

Four of the deceased individuals had an unknown cause of death and were thus not included in the cause-specific analyses. The reasons for these missing data might include declining rates of autopsy, or death abroad with inability to determine cause of death. Nevertheless, overall, the Cause of Death Register is a high-quality, virtually complete register of all deaths in Sweden since 1952 and contains both primary and contributing causes of death, indicating a potential chain that led to death \[[@pmed.1003078.ref028]\].

Conclusion {#sec022}
==========

This prospective cohort study shows that individuals who had obesity in childhood already have an increased risk of death by early adulthood, compared with a population-based comparison group. Among those who had obesity in childhood, 1 in 4 had obesity recorded as a cause of death. Identifying specific factors that may impact the risk of early mortality in individuals with obesity in childhood is important, to enable preventive actions and to promote long-term health.
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